The risk of cardiovascular disease in type 2 diabetes is greater than is accounted for by conventional risk factors. We investigated whether energy restriction or modest fat loss improved the lipid profile in obese subjects with and without type 2 diabetes. The relationship of site of adipose tissue loss to lipid changes was also examined.
A therosclerotic vascular disease is a major problem in patients with type 2 diabetes, who often have low HDL cholesterol and hypertriglyceridemia (1) accompanied by qualitative abnormalities such as smaller LDL particle size (2) and increased LDL oxidizability (3) . However, obese patients with type 2 diabetes with average lipid levels still have increased risk of cardiovascular disease. There is evidence that obesity, particularly abdominal obesity, which is highly prevalent in type 2 diabetes, may be equally important with regard to cardiac risk as diabetes per se (4) .
Weight loss is central to type 2 diabetes management, being associated with improvements in glycemic control, insulin sensitivity, and lipid profile (5) . Similarly, weight loss improves insulin sensitivity and lipid profiles in obese individuals with normal glucose tolerance (NGT) (6) . How diet exerts these beneficial effects is unclear, with evidence suggesting that caloric restriction and weight loss have independent effects (7, 8) , but whether improvements are related to the site of adipose tissue loss is uncertain.
This study assessed early and late changes in lipid levels induced by energy restriction versus fat loss, respectively, in obese subjects with or without type 2 diabetes. We report the changes in lipid profile, the influence of diabetes, and how lipid changes relate to fat loss.
RESEARCH DESIGN AND METHODS

Subjects
From the Diabetes Clinic, St. Vincents Hospital, Sydney and through advertisements, 18 mildly obese subjects (BMI = 31.5 ± 0.8 kg/m 2 ), 9 (women n = 4, men n = 5) with NGT and no family history of diabetes and 9 (women n = 5, men n = 4) with type 2 diabetes, matched for age and anthropometry, were recruited. These subjects are a group for which data on insulin sensitivity in the liver and peripheral tissues have been reported previously (9) . NGT subjects were screened with a fasting plasma glucose (FPG) level. Two subjects with FPG >5.5mmol/l had a formal oral glucose tolerance test confirming NGT (FPG < 6 . 1 , 2-h plasma glucose [PG] <7.8 mmol/l) (10) . Subjects with diabetes were treated with diet alone (n = 6) or low doses of oral medication (metformin n = 1, gliclazide n = 2); none had clinical evidence of other endocrine, cardiac, hepatic, or renal disease. All subjects consumed < 2 0 g alcohol/day and were accepted only if a dietitian considered them well-motivated to lose weight and if they had not dieted for 6 months. Data from two NGT subjects were excluded from the turnover results because of technical difficulties during the clamps. One subject with diabetes has been excluded from all final analyses because of DIABETES CARE, VOLUME 21, NUMBER 5, MAY 1998 recommencement of sulphonylurea therapy toward the end of the diet. A second diabetic subject was excluded from analyses involving changes in body composition because of technical problems during the final dual energy X-ray absorptiometry (DXA) scan. All subjects gave written informed consent; the study protocol was approved by the Research Ethics Committee of St. Vincent's Hospital.
Experimental protocol
The following parameters were assessed before the diet commenced: usual dietary composition, weight, anthropometry and body composition (with DXA). Hyperinsulinemic euglycemic clamp studies (9) were performed at baseline (day 0 [d0]), and on days 4 (d4) and 28 (d28) of the diet. Before each study, fasting lipid levels were determined. Body composition and anthropometry were reassessed at d28. Participants discontinued hypoglycemic therapy at least 1 week before the first clamp study (dO).
Diet
Dietary composition was assessed by the dietitian from 4-day food records, as described previously (11) . Subjects were requested not to alter their level of physical activity throughout. Each subject was supplied with a formula diet for 4 weeks (NutriMetics International, Sydney, Australia) with composition per 100 g as follows: protein = 37 g, fat = 2.3 g (polyunsaturated fat 9%, monounsaturated fat 30%, and saturated fat 61%), carbohydrate = 40 g, and energy content = 330 kcal. Each subjects diet was supplemented with essential fatty acids and minerals and was customized for each subject on the basis of body size, age, and energy intake to reduce intake by 1,000 kcal/day as described in Jenkins et al. (11) . Subjects were weighed weekly and completed daily food records throughout.
Anthropometric measurements
The following measurements were made with the subject fasting by one observer (T.PM.): weight, height, triplicate measures of skinfold thicknesses, and waist (narrowest diameter between the xiphoid process of the sternum and the iliac crest) and hip (widest diameter over the greater trochanters) circumferences. Total body fat (%) was estimated from skinfold thickness (12) .
Body composition DXA (Lunar DPX; LUNAR, Madison, WI) was used to measure fat mass and lean tissue for the total body and three standard regions: trunk (chest, abdomen, and pelvis), arms, and legs. Central abdominal fat was estimated using a manually determined window as previously (9) .
Analytical measurements
PG, serum insulin, and fructosamine were measured as previously described (9) . Cholesterol, triglycerides (TGs), and HDL cholesterol were measured as described in Simons et al. (13) . EDTA plasma was separated into VLDL (d < 1.006) and LDL (1.006 <d < 1.063) by sequential ultracentrifugation (14) . LDL apoB was measured by rate immunonephelometry (15) , and free and esterified cholesterol were measured after separation on thin-layer chromatography (16) . The susceptibility of LDL to copper-induced oxidation was expressed as the lag time to commencement of oxidation under standard conditions (13). LDL particle size was measured by gradient gel electrophoresis using nondenaturing polyacrylamide gels (17) .
Statistics
Statistical analyses were performed using general purpose software (Statview; Abacus Concepts, Berkeley, CA). Baseline characteristics of the two groups were compared by unpaired t test. Anthropometric changes over the whole study (prediet vs. d28) were assessed using paired t test. The effects of energy restriction versus weight loss were assessed by t test: prediet versus d4 and d4 versus completion (d28). Possible differences between NGT and diabetic groups were investigated by analysis of variance of variable differences (d4 minus dO, d28 minus d4) against group. Since no significant group or interaction effects were found for lipid data, only time effects are reported, and data for the two groups have been combined. Association among variables was examined using correlation/regression analysis. Possible group effects (NGT vs. diabetes) were investigated using analysis of covariance. Since no group effect was found for any situation analyzed, only results of simple univariate analysis are presented. Unless otherwise stated, all results are expressed as means ± SEM.
RESULTS
Clinical characteristics
The baseline characteristics of the subjects are listed in Tables 1 and 2 . With the groups matched for age, BMI, waist circumference, waist-to-hip ratio (WHR), and total and regional body fat, the presence of diabetes did not affect the lipid profiles, both groups having average standard lipid levels.
Dietary composition changes
Both groups had a similar dietary composition. There was a significant reduction in intake of all macronutrients in absolute terms, with -50% reduction of energy intake (prediet vs. during diet: 2,300 ±170 vs. 1,100 ± 60 kcal, P = 0.0001, range: 520-2,550 kcal and percent reduction range: 25-75%). The percentage of energy from carbohydrate did not alter (prediet vs. during diet: 38.4 ± 1.8 vs. 38.3 ± 0.7% total energy intake), but that from protein increased (19.2 ± 0.7 vs. 32.6 ± 0.8%). Total fat (prediet vs. during diet: 35.7 ± 1.2 vs. 28.8 ± 0.8%), alcohol (6.8 ± 2.1 vs. 1.3 ± 0.8%), and fiber decreased (26 ± 2 vs. 9 ± 1 g), and there were changes in the fatty acid composition of the diet (prediet vs. during diet: polyunsaturated fats = 5.9 ± 0.4 vs. 10.1 ± 0.5%, monounsaturated fats = 13.8 ± 0.6 vs. 11.9 ± 0.4%, and saturated fats =16.1 ±0.6 vs. 6.0 ±0.4%).
Anthropometric changes
There was a mean 1.8 ± 0.3 kg (1.6 ± 0.2% loss of initial weight) and 6.2 ± 0.4 kg (6.5 ± 0.4%) weight loss after d4 and d28, respectively (groups behaved similarly). Notably, a significantly greater proportion of fat was lost from the abdominal region compared with total body fat loss (A abdominal fat vs. A total body fat: % decrease = 14 ± 2 vs. 8 ± 1%, P = 0.004) ( Table 3) .
Lipid changes
By d4, significant changes were evident in total TG, LDL particle size, and VLDL cholesterol levels (Fig. 1 ). Significant decreases in total and LDL cholesterol (free and esterified components) and LDL TG were Table 3 -Anthropometric changes apparent only after fat loss at d28 (Fig. 2) . At d28, there was also a significant fall in LDL apoB (Fig. 2) , which was not measured at d4. There were no significant changes in HDL cholesterol or LDL oxidation susceptibility over the study (data not shown). Neither early nor late lipid changes related to the reduction in total energy intake, changes in any macronutrients, or fatty acid composition of the diet.
Lipid and body compositional changes
At dO, there was a significant association between abdominal fat and total TGs (r = 0.45, P = 0.05) and esterified LDL cholesterol (r = 0.49, P = 0.04), but lipid levels were not related to total or any other regional fat mass. At d28, loss of abdominal fat was the only change in fat depots that related significantly to changes in the lipid profile, being strongly associated with the reduction in LDL free cholesterol (r = 0.65, P = 0.006) and LDL apoB (r = 0.64, P = 0.008) (Fig. 3) Data are means ± SEM. Combined data; similar changes were observed in both groups (NGT, n = 9 and type 2 diabetes, n = 9). Group data were compared by paired t test. fat change in multiple regression (P = 0.007 and P = 0.01 for A LDL free cholesterol and A LDL apoB, respectively). Neither changes in waist circumference nor WHR were related to lipid changes.
CONCLUSIONS -Cardiovascular disease, the major cause of death in type 2 diabetes and obesity, is only partly related to abnormal lipid levels. Increasingly, the importance of qualitative abnormalities in the lipid profile, such as smaller, denser, and more easily oxidizable LDL particles (18) and higher LDL apoB levels, is being recognized, even when total cholesterol and subfractions are normal (19) . In this study, obese subjects with diabetes had lipid levels that were indistinguishable from those of a control group matched for body fat. This may relate to matching of the central abdominal fat depot, a recognized determinant of cardiac risk (20) . Despite average initial lipid levels in both groups, modest caloric restriction and fat loss resulted in a less atherogenic profile, highlighting the role diet may play in reducing cardiac risk in such subjects (21) . That the lipid profile improves with weight loss is established (22, 23) , but no clear evidence exists on the relative effects of caloric restriction and weight loss or whether the outcome is influenced by the presence of diabetes. While we endeavored to separate energy restriction from weight loss, there was weight loss after 4 days of the diet (1.8 ± 0.3 kg), but this is likely to represent mainly fluid losses secondary to glycogen depletion and some protein loss (24, 25) . With energy restriction, we found significant improvements in total TGs, VLDL cholesterol, and LDL particle size (Fig. 1) . Once significant fat loss, consistent with prediction from energy intake (26), occurred, there were reductions in total and LDL cholesterol, LDL apoB, and free and esterified LDL cholesterol levels (Fig. 2) .
Previous studies are consistent with our findings: after 7-10 days of caloric restriction (8, 27) or a 3-day protein sparing fast (28), TGs were lowered by energy restriction. Recently, insulin resistance has been shown to be associated with failure of the liver to suppress release of TG-rich VLDL (29) , and it was postulated that insulin normally acts by suppressing TG-rich VLDL synthesis. Consistent with this, there was a significant relationship between the improvement in hepatic insulin action (reported previously in Markovic et al. [9] ) and the fall in TG levels at d4 (A hepatic glucose output vs. A TG: r = 0.55, P = 0.03). It is noteworthy that the early improvement in the atherogenic profile was not related to the change in energy intake (absolute or relative), despite the large range of energy intake changes, implying that more commonly achieved, less severe reductions in energy intake should produce similar benefits.
Fat loss appears to affect lipids by different mechanisms. The loss of abdominal fat alone, independent of changes in total fat, was strongly associated with falls in LDL apoB and LDL free cholesterol (Fig. 3) . In the small number of relevant studies, there are suggestions that abdominal fat may influence lipid changes with fat loss (30, 31) . Using computed tomography, changes in visceral fat with weight loss were related to lipid and metabolic improvements independent of changes in total fat (30) . However, in the latter study (31) , once changes in total fat were taken into account, there was no relationship between abdominal fat loss (measured by magnetic resonance imaging) and lipid improvements, apart from HDL changes and visceral fat loss in women. Other negative studies (23, 32) used less accurate estimates of central fat, such as WHR (33) . The relationship we found between reduction in apoB and fall in abdominal fat highlights the importance of this fat depot with respect to cardiac risk (34) .
No significant changes in HDL cholesterol were found. HDL has been reported to increase (7), decrease (23, 30) , or remain stable (6) with weight loss. The discrepancy in results seems to be due to the divergent effects of weight loss, which increases HDL, and reduced fat intake, which decreases HDL (35) . Because subfractions were not measured in the present study or in previous studies, differential effects on HDL 2 and 3 may have been missed.
Enhanced oxidizability of LDL is associated with type 2 diabetes (2) and may result in unregulated LDL uptake by scavenger receptors, leading to plaque formation. However, there were no significant changes in LDL oxidizability during the study. LDL oxidizability (lag time) in this study is shorter than that reported by some groups; however, because the method is standardized within each laboratory, lag times vary and absolute values are not comparable. While some laboratories report lag times of many hours, other groups report much shorter lag times of around 1 h (36,37), similar to our laboratory. The absence of changes in LDL oxidizability in this study probably relates to the normal initial findings, although LDL oxidation may relate more to the antioxidant content of LDL or the amount of LDL oxidized in vivo (38) .
In conclusion, in obese subjects with mild metabolic disturbance, both energy restriction and fat loss improve the lipid profile. Energy restriction, regardless of degree, was associated with lowering of TG-related factors in association with an improvement in hepatic insulin action. Loss of fat from the central abdominal depot was alone associated with improvement in LDL free cholesterol and LDL apoB levels independent of total fat loss. This study clarifies the effects of energy restriction and fat loss and demonstrates how dietary intervention can improve the lipid profile in obese subjects at risk of atherosclerotic vascular disease.
